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Objectives

- Development of o mathematical model for fluidized
Jed pyrolysis of silane that relates preduction
rate and product properties (size, size
distribution, presence or absence of fines)
with bed size ond operating corncitions ,
(tempergture, feed concentration flow rate, !
seed size, etc.).

- Development of user oriented clgorithm for

the model.

b

- Parameter sensitivity study of the model. *
P

Needed

- Assumptions on mixing pattern of gas and L
]
solids. =
N
£

- Mass ond energy balances for gas ond sojld
phase,

- Constitutive relgtionships
Homogeneous nucleation rate

CvD growth |

Fines Interactions

Scavenging of fines by large particles

Transport properties in fluldized beds ”
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SILICON MATERIAL

Summary of Work Done

The kinetic studies on silane pyrolysis were reviewed
ond all pathways and rate models for Si formotion via
silone pyrolysis were summorized. A CVD growth ond
homogeneous rote form were selected.

A simplified model was developed assuming the
reactor to be completely inixed. This model was
solved for both batch gs well o3 continuous feed
of solids with/without homogeneous nucleation.

A computer progrom was developed for a more
generagl fluidized bed mode! bosed on the modified
two phase theory accounting for CVD growth only,

A detaoiled model based on population bnlonce
aoprooch was developed for predicting oarticle
size distribution of finec when CYD growth,
coagulation, scavenging by seed particles and
homogeneous nucleation take place,
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SILICON MATERIAL

Back-Mixed Reactor Model

(L. Balance on SXH‘ {g)

9U%Cs,f - %Cs,a = V¥ET,1 * Vur,2 * Voo

where

= total rate of CVD on seed particles
HT,1

2
- N'-le /os-xHT

= A exp (-AE/Rng) C',e

VIHT,z : to:iai rate of CVD on fines

V:Ho Z total rate of homogeneous nucleation

(2, Balance on seed solids (uniform particle size)

Tur Hli Psca

-——#T—
L3 bs Psi 4R Nspsi

where i : total rate of scavenging

v
=p . [ max a(v) n(v,t) dv
si .

\I. Energy balance
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SILICON MATERIAL

.4) Balauce equation for fines

d niv,t)
at

v/2

* Rel

9

alvet) + v {I(v,t} n(v,t)]

= [ 6(v—v,;) n(v-;,t) n(i,t) dv

(2

_ /vmax

v.

B(v,¥) niv,t) n(v,t) Qv

- Rocalvet) + Siv,t)

where
I(v,t)
8{v,v)

Relu(v,t)

nsca(v't)

S(v,t)

rate of particle growth = dv/dt

: the coagulation coefficient

rate of elutriation = K(v):n(v,t)

rate of scavenging = u(v)-.n(v,t!}

: rate of generation of fines by

homogeneous nucleatiorn = So-é(v-v')

Define the total volume by the first moment:

\
My (t) = ;s ™% n(v,t) dv
*
v
For t e special case: K{(v) = const. K
I{v,t) = v
Lv,v) o= 'I(V + V)
% {v) = const. 1
So v [c11 - {a + K)jt
v = -
My (e [m)] (e 1)
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SILICON MATERIAL

Input Date (From JPL 6-in. FBR Experiments)

1. Reoctor Specificatlons

bed diometer = 15,4 ¢m (6.065* 1.D.)
no. of orifice holes = 4500
orifice area = (0,02 cn?

2. Operating Conditions
total pressure of gas = 1,34 otm
total volumetric flow rate = 600 am>/s - 1200 cm/s
(1.97 moles/min -
3.94 moles/min)
feed ratio of CiH, = 20% - 80%
Initial total wt. of seed solids = 10 to 12 kg

Initiol diometer of seed solids = 200 - 240 um
entering gos temp, = 25°C
woll temo. = 600 - B00°C
distributor plote temp, = 200°C

263

N . -



SILICON MATERIAL

Back-Mixed Reactor Model

3ed parameters needed

) - heat transfer coefficient

between bed and woll Wender and Cooper (1958)

" - heat tronsfer coefficient
betv..:.. bed and
‘ distributor plote

- bed height at minimum
fluidizing conditions

~mf
Kunii and Levenspiel (1969)

<(R) - elutriotion constant Wen and Hashinger (1960)

<inetic parometers needed

- CVD growth rote lyo et al, (1982)

- homogeneous nucleation

/reaction rate

2grticle interoction porameters needed

cooguiation coefficient for fines

scavenging coefficient
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SILICON MATERIAL

CSTR — Batch Solids (20%)
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SILICON MATERIAL

deposition rate (kg/hr)

conversion
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CSTR — Batch Solids (80%)

SILICON MATERIAL

-
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Bubbling Bed Model

fntrained

Product Produce
Particles Partacles Gas
I (S4) t(si I
» I !
s L
Teed Particles ?:Y.;i:)ﬂ ,
$1) L3 ; i !
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. reaction (r..) ‘ | ’
Transp:rt Cas i ; I Bubble
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- ‘ Bed parameters needed
.'g h, - Jjet penetration depth Yang and Keairns (1979)
{ 4, - average bubble diameter
! We ar and Clough (1981)
‘f§ Zb -~ average volume fraction
« { Ly - expanded bed height
- ﬁb - average buhble velocity Kunii #nd Levenspiel (1969)
) ! U, - upward velocity of gas
-k
through the emulsion pha.e ibis
1 Krelp? (Hbe)b - overall mass and heat
i transfer coefficient
betwerr '~ huhhles
\ a3 the inte. tal
' gas ibis
' ch, "jc ~ noverall mass and he st

transfer coefficiert
setween the jets ang ,
t,2 interstitial o s Weimer and Tlough (1981)

hye hgr Loge K(R)

Xinetic paramete.s needed

- CVD growth rate Iya et al. (1982)
- homoganaous nucleation
/reaction rate

Farticle interaction parameters needed

- cougulation coetficient for fines

- rcoavenging coefficient

ve
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(c)

bed temp.
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SILICON MATERIAL
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conversion
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Selected Examples From JPL 6-in. FBR Experiments

Siiicon Seed Experimental Conditions

Waight @ Silane Concen. Bed tomp. Total gas Puration
(Kg) v 8) (*c) flow rate (min)
(um) (moles/min)
Example 1 10.50 227 20 650 3.0 90
Example ? 11.34 212 80 650 2.5 173
Product Comparison
Experimental Data Model Predicted (CSTR) Model Predicted (FBR)
Production rate 3 Production rate a Production rate a
(Kg/hr) (um) (Kg/hr) (um) {Xg/hr) (um)
Example 1 0.e7 235.5 1.00 237.4 0.93 236.6
Example 2 3.50 24).5 3.35 260.3 3.15 251.7
272
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Conclusion

-— A preliminary comparison with Two exFerimental results
of JPL shows a reasonable agreement of model prdiction
with e}per'»-ncnfs.

— The deros.‘hon ute and conversion of silone are ﬁmd f
be lwer fur the two-phase flaidzed bed mcdel ( FBR mudel)
wompored Ty the el mixed reactr mudel ( CSTR model D .

Only ot low flowrptes the performanes from  both madel
Fr?dicﬁons are close .

—— For the mue ?encrnl FBR model the depo::ffon nle and
Cenversion  qo f‘hmugh a S’iqh‘t mxinum  as the bed
emoeriture 15 increased . Gehioum cha‘;w‘ng CendiTioms
for the bed Tempentie and fourdle can be simulaled by
this model .

Toa (STR mee! whch meoromes oo f'.cmof]eneu&s
WA REeaentiue reackon wos dew'zed predict
e :::r.:m»’:cn ‘caqu!a‘?.’m and SCau':ng‘mj .’/f -)(mes.
?fc’m!ir\dﬂj fesulls show thal  the per«fornmnce Is &ry
semsifve To the Finetic ond deraclon porameters .

The esults cn be mprved by usng A mor2 ralihic
PBR medel ond beffer esfimifes of Famwets .
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